Introduction: Tetraspanins represent a family of integral membrane proteins involved in cell-cell interaction, including adhesion, fusion, differentiation and proliferation. These basic functions are essential for embryonic development, yet there is little research on the role of tetraspanins in this process. The aim of my project is to pilot zebrafish as a new and sensitive model for assessing tetraspanin function in vertebrate development.
Background: There are approximately 50 tetraspanin genes in zebrafish, representing orthologues of most of the 33 mammalian genes. mRNA expression analysis has shown that at least 22 of these are expressed in zebrafish embryos and thus may regulate developmental processes. CD9 is a well-characterized tetraspanin and we have shown that zebrafish CD9 orthologues are present in the posterior lateral line (pLL), a sensory system comprised of hair-cell containing neuromasts. The development of the pLL coordinates proliferation, deposition and migration simultaneously and thus requires highly regulated cell interactions.
Major findings: We generated CRISPR double knockouts (dKOs) of both zebrafish CD9 paralogues. The dKOs are adult viable and fertile, in contrast to mouse CD9 KO females which are sterile. Inspection of the pLL in the CD9 KOs revealed that there is measurably slower migration of the primordium and fewer hair cells in the posterior neuromasts at 10 dpf. Furthermore we observed a reduced regenerative capacity of the dKO neuromasts, and also upregulation of CD9 paralogues during bone repair.
Conclusions: Our results suggest a role for CD9 in collective cell migration and hair cell development. We will analyse the organisation and migration of the primordium in more detail as well as the development and regeneration of the neuromasts and bone. This will be aided by generating fluorescent transgenic zebrafish to visualise dynamic processes involved. This offers a unique insight into the in vivo function of tetraspanins. After epithelial-mesenchymal transition, acquisition of trunk neural crest cell (NCC) polarity is prerequisite for directional delamination and migration, which is essential for peripheral nervous system development. It has been unclear how this polarization is established and regulated. Using fluorescence biosensor in emigrating NCCs, we show that the breaking of cell symmetry is accompanied with distribution of highly active RhoA small GTPase to the cell rear and fluctuating RhoA activity at the protrusive front. This differential localization and level of RhoA activity predicts the future back-front polarity axis and the direction of movement. Strikingly, the RhoGAP, Deleted in liver cancer 1 (Dlc1), is asymmetrically localized to the cell front and its level of activity determines polarized NC morphology and motility by restricting spatial RhoA activation to the cell rear. We also found that the association of Dlc1 with Nedd9 is crucial for its asymmetric localization and polarized RhoA activity. Moreover, Nedd9 and Dlc1 are subject to the transcriptional regulation of NC specifiers, Sox9 and Sox10, respectively. Thus, we reveal a novel SoxE-Dlc1/Nedd9-RhoA regulatory axis to govern NC migratory polarization. Gastrulation is a complex process that requires, in addition to the specification and differentiation of embryonic tissues, choreographed cell movement and tissue rearrangement. We use the mouse embryo gastrulation as a model to study the mechanisms of epithelialmesenchymal transition (EMT) followed by cell migration, focusing specifically on primitive streak (PS, the site of gastrulation) formation and mesodermal cell ingression.
Using genetics (gene invalidation and transgenic expression of fluorescent markers), whole embryo ex vivo culture, and confocal and LightSheet live imaging prior and during gastrulation, we define cellular reorganization within the epiblast layer that allow PS initiation.
To better define the molecular players involved in PS formation, we investigated the role of Rho GTPases, master regulators of the cytoskeleton. Epiblast-specific conditional mutants of RhoA shows accumulation of cells with disruption of polarity in the amniotic cavity (resembling the Rac1 epiblast-mutant), while Ect2, a Guanine Exchange Factor (GEF) that activates both Rac and Rho and has a crucial role in cytokinesis, shows a severely disorganized epiblast.
Our live imaging experiments reveal that prior to ingression from the streak, rosettes (a structure formed by at least five cells) form with higher frequency in the posterior epiblast than the anterior or lateral sides. An additional cell appears at the center of these rosettes during mesoderm cell ingression. Staining for mitotic nuclei showed that in the posterior epiblast, during PS formation, mitosis is not restricted to the apical side of the pseudostratified epithelium, but can occur all along cell apical-basal length. Such observations raised the hypothesis that rosette formation and mitotic rounding could be driving forces facilitating cell ingression through the PS.
Ongoing work to block cytokinesis and mitotic rounding in a mosaic fashion in the epiblast, through an inducible epiblast-specific mutant of Ect2, will allow testing the implication of mitotic rounding in gastrulation. Sensory cilia exhibit remarkably diverse morphologies that underlie the specialized functions of individual cell types. How these distinct ciliary morphologies are generated remains mostly unexplored. C. elegans displays distinct cilia at the dendritic tips of a subset of sensory neurons; these cilia house signaling molecules required to transduce environmental or extracellular stimuli. The cilia of the AWA olfactory neurons in particular are structurally highly complex, and exhibit a tree-like morphology containing about 80 distal branches. Ultrastructural analyses have revealed that the AWA axoneme progressively splits distally, with a small subset of branches lacking apparent microtubules (MTs). Using a forward genetic screen, I have isolated mutants that exhibit defects in AWA cilia morphology. Loss of function mutations in the dyf-18 gene result in long but entirely unbranched AWA cilia. dyf-18 encodes an ortholog of the vertebrate Cdk20 Ser/Thr kinase and the DYF-18 protein is weakly enriched in cilia. Ciliary and MT markers suggest that the MT tip compartment is stabilized in dyf-18 mutants, potentially leading to unbranched and longer cilia. In addition, DYF-18 kinase activity is required for inducing AWA ciliary branching and restricting ciliary length. In the absence of DYF-18 activity, kinase dead DYF-18::GFP shows strong accumulation at ciliary distal tips, whereas in the presence of wildtype DYF-18, the kinase-dead protein is only weakly enriched in the cilium. This observation suggests that kinase activity is required for regulation of DYF-18 exit from or entry into the cilium. Genetic epistasis analyses suggest that DYF-18 may function upstream of a MAP kinase previously implicated in regulating cilia length. We are currently using a candidate gene approach together with suppressor screening and biochemical analyses to identify effectors of DYF-18. doi:10.1016/j.mod.2017.04.145
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AMPKα regulates aggregate size and spatial patterning in Dictyostelium discoideum Ranjana Maurya, Shweta Saran Jawaharlal Nehru University, New Delhi, India AMPK is a highly conserved serine/threonine protein kinase consisting of a catalytic (α) and two regulatory subunits (β and γ). AMPKα is a nutrient and energy sensor and Dictyostelium initiates multicellular development upon starvation, thus we are interested to elucidate the role of AMPKα in this organism. Here, we shown that disruption of ampkα resulted in a large number of small-sized aggregates and develop asynchronously, formed very few fruiting bodies with a small sorus and longer stalk. On the other hand, overexpression of ampkα allowed the formation of fruiting bodies with a small stalk and larger sorus compared with the wild type. A minimum of 5% ampkα null in chimaera with wild type was sufficient to decrease the aggregate size of wild type. The conditioned media from ampkα null caused the wild type to form small-sized aggregates. Furthermore, starved ampkα null had low glucose levels and formed larger aggregates during development in presence of exogenous glucose. Interestingly, ampkα null exhibited abnormal cell type patterning with an increased prestalk region and a concomitant reduction of prespore region. Prestalk and presopre cells are intermixed and there was a loss of distinct prestalk/prespore boundary. Reactive oxygen species (ROS) are oxygen products generated during aerobic metabolism and by specific enzymatic activities. ROS play pivotal roles in the regulation of major cellular behaviors such as proliferation, cell death, cell migration and cell differentiation; all fundamental during animal development. Previously, we reported that ROS participate in the control of cell death during morphogenetic remodeling of different developing tissues in mouse embryos, suggesting an extensive role in development. To gain further insight into the role of ROS during animal development, zebrafish embryos were stained with a widely used ROS-sensitive dye and visualized by confocal time-lapse microscopy. Interestingly, we found that ROS present highly dynamic patterns that correlate with key developmental process. Remarkably, we found that during gastrulation and in particular in epiboly, that is the first major morphogenetic event in which massive movement of cells occur; ROS exhibited dynamic fluctuations localizing at the interstitial space among blastoderm cells. In addition we observed a distinctive region of ROS accumulation at the blastoderm margin during whole epiboly progression. We found that ROS are generated by NADPH oxidase (Nox) activity and that specific pharmacological inhibition of Nox, decreased cell motility and delayed epiboly; an effect that can be fully rescued by hydrogen peroxide treatment. Therefore in the present study we show evidence that ROS participates in the control of cell motility during a major developmental process fundamental in animal development. Supported by PAPIIT/UNAM IN205612 and IN210316. The highly conserved transcription factor grainyhead-like 3 (grhl3) is a critical regulator of multiple processes during embryogenesis, including neural tube closure, fusion of the secondary palate, development and maintenance of the epidermal barrier, and the maintenance of cellular polarity in the context of wound healing. We have identified a putative novel role for grhl3 in the regulation of epiboly, the co-ordinated cellular migration preceding gastrulation. Our data show that grhl3 is strongly and specifically activated in the enveloping cell layer (EVL) at the maternal-zygotic transition (MZT), a critical stage in which the embryo is no longer dependent on maternally-deposited RNA. We have generated novel grhl3 mutant lines and have identified that loss of grhl3 leads to embryo rupture during late epiboly, indicating that grhl3 is required for EVL/periderm formation and maintenance; we also show that grhl3 is necessary for the regulation of cytoskeletal arrangement and function during epiboly. Lastly, using both transient and stable over-expression models, we find that both knock-down and overexpression of grhl3 leads to severe problems during gastrulation, including split trunk/ axis, reduction in body size, defects in EVL cell formation, and subsequently, craniofacial malformations. We are currently focusing on identifying the regulatory network in which grhl3 operates, using
